Introduction.
A dedicated Scanning Transmission Electron Microscope (STEM), equipped with an X-ray de- tector, an energy loss spectrometer and a micro diffraction system constitutes a powerful tool for obtaining chemical and structural information at a submicron scale. These performances are due to the illumination system (field emission gun, double condenser lenses, high excitation objective lens) which is capable of producing a probe whose diameter is smaller than 1 nm and which contains a current of about 1 nA [1] .
On the basis of three experiments performed in the field of materials science, we report in this paper the capacity of this nanoanalytical microscopy to demonstrate and explain different behaviours, to test and improve different theoretical models or to verify and confirm different hypothesis. The first study performed on the superconducting ceramic YBa2Cu307-6, consisted of the evaluation of the oxygen content in and between the twin planes of the twinning structure in order to explain the mechanisms which govem the twinning. The purpose of the second experiment was to determine the solute content in the walls and in the cores of the dislocation cells in strained Al-Mg alloys, and thus to explain the influence of atoms in solid solution on the recovery kinetics. In the third case, to improve our understanding of the discontinuous precipitation process, experiments were carried out to establish concentration profiles in the a phase formed in Mg-Al alloys. 2 . Experimental conditions and theoretical principles.
The dedicated S.TE.M. set up in Grenoble since 1982 is equipped with a Kevex X-ray detector, a serial EEL-80 V G. spectrometer and a double axis tilt specimen cartridge. Both spectrometers are connected with a Tracor Northern 5400 computer on-line with Macintosh and using commercial and home-made software for data processing.
For each study reported below, we have used a probe smaller than 1 nm in diameter; according to the experiment -EDXS or EELS -the conditions of illumination and collection vary, they are determined by the size of the apertures selected.
The accuracy of the results are strongly dependent on the features of the samples, therefore for each experiment: -the foils were heat-treated in-situ before examination, to [2, 3] was applied to quantify the core-losses. This method fits the background to each ionization edge and measures the core loss intensity Ik(03B2,0394) integrated over an energy window of width A starting at the ionization edge. The concentration NA of an element A can then be calculated using the following formula:
where I1(03B2,0394) and Ik(03B2,0394) are the integrated intensities under the low energy-loss distribution and K (or L) shell excitation respectively, 03C3k(03B2,0394) is the partial cross-section for K (or L) inner shell excitation of A, calculated with the computer programs written by Egerton [4, 5] , where {3 is the collection semi-angle and 0394 the energy width of the window defined on the spectra.
In practical EELS microanalysis, relative concentrations are mainly used; they can be determined according to the following relation:
The volume plasmon loss energy (AEp), resulting from the excitation of the collective oscillations of the electron-gas was also examined; it has been shown to be useful for quantitative microanalysis in Al or Mg alloys [6, 7] . Since this is a collective excitation it depends on the density of the conduction electrons as demonstrated by Bohm, Pines, Nozières [8] In measuring the plasmon energy loss corresponding to "known-composition alloys", a calibration curve can be established, from which the composition of "unknown alloys" can be deduced.
in the case of EDXS analysis, the Cliff-Lorimer's [9] method has been used to deduce quantitative information from the spectra recorded. This approach relates the ratio of the mass concentrations of two elements A and B to the corresponding X-ray intensity ratios [10, 11] have reported the influence of the twinning structure on the superconducting properties of the YBa2Cu3O7-03B4 ceramic. In order to continuously improve the properties of these materials, it is of great importance to understand the mechanisms which govern the twinning. From HREM investigations [12] , it has been suggest ed that the twinning results from a modulation of the quadratic structure, and it can be imagined that the addition of oxygen atoms induces a deformation of the lattice and a structural change from quadratic to orthorhombic. The deviation ô from the ideal stoechiometry 7, determined by iodometric titration [12] , could then be explained by an increase of the oxygen vacancies in the twin planes. To limit the experimental artefacts, we have chosen to compare the ratios 10/IBa between the twin plane and the matrix, rather than the absolute intensities IO-K; it is thus assumed that the Ba content is constant at every point in the sample, in twin planes as well as in the matrix. From preliminary EDXS experiments we have shown -as illustrated in the figure 3 -that the relative contents Y:Ba:Cu is constant in these two phases; the dispersion of the results is not statistically significant for a concentration change. According to the selected twinning model and the dimension of the probe, a simple representation of the system -see figure 2 -allows to estimate of the maximum relative variation of the intensity ratio IO-K/IBa-M4,5 between the twin planes and the matrix to be approximately equal to 9%, i.e. rather similar to the accuracy with which the intensity ratios can be determined by the electron energy loss technique. This implies that a great number of measurements has to be recorded and statistically treated to demonstrate a significant change in the oxygen content between the twin planes and the matrix. The typical experimental conditions used to record the spectra are: incident electron beam energy: 100 kV, acquisition energy width: 1000 eV , collection semi-angle /3: 16 mrad, energy window width (A) for O-K = 76.5 eV and for Ba-M4,s = 145 eV, background fitting law: A.E-r.
3.1.2
Results. - Figure 4 shows the values of the ratios IO-K/IBa-M4,5 determined in two cases:
for a particle of constant thickness and for a particle of increasing thickness. It was observed that the ratios corresponding to a twin plane were always lower than those corresponding to the matrix. It was also noted that the ratio decreased when there was an increase in thickness. These results indicate clearly that the twin planes are oxygen depleted zones and confirm the hypothesis describing the twinning {110} as a "sandwich" of a quadratic phase between two symmetric layers and also to quantify the Mg segregation. The expérimental conditions used for acquiring the spectra are the following: incident electron beam : 100 kV, total acquisition energy width : 20 from AEp measurements, is equivalent to 0.3 at% in the core cells and to 0.6 at% in the dislocation walls. These results show clearly that the walls of th e dislocation cells are enriched in Mg, corresponding to an average content equal to 6.6 at% as compare to 5 at% in the core. They also confirm the hypothesis according to which the departure from Friedel's logarithmic law observed in the initial stage of recovery, results from the solute segregation in the dislocation walls.
CHEMICAL MICROANALYSIS OF THE a PHASE FORMED IN THE CELLULAR PRECIPITATION OF
THREE Mg-Al ALLOYS. -In discontinuous precipitation, a supersaturated a' phase decomposes in plates of alternating a and /3 phases, lying parallel to the growth direction: the 03B2 phase is homogeneous and equivalent to Mgi7Ali2, the a' phase is a solute depleted phase, structurally identical to the a phase. The transformed zone is separated from the original by a n interface called the reaction front in which all involved diffusion processes take place. As the diffusion coefficient in the reaction front is finite, the a phase is still supersaturated at the end of the reaction.
Most theoretical and experimental work on cellular precipitation has concentrated on the steady state growth process. This process is generally modelled as the propagation of the planar reaction front at a constant velocity, perpendicularly to itself, with constant interlamellar spacing. Several attempts have been made to relate the speed of the reaction front, the interlamellar spacing S, and the solute profile segregation in the a phase. Cahn [20] , has first settled the bases of the methodology and several authors -Hillert [21] , Sundquist [22] , B gel and Gust [23] -have proposed different models, but it has not been possible so far to discriminate between all these models.
To test the thermodynamical equations, it is necessary to determine the solute profiles between two /3 lamellae and to verify that the a solute profile can be described by Cahn's diffusion equation. [24] have defined a quantitative criterion according to which, if there exists a couple (C03B1/03B2,a) such that 03C3(C) ~ 0.40 at%, the a solute profile obeys Cahn's diffusion equation. Ca/{3 is the solute content in a close to (3, a is a dimensionless parameter given by Cahn [20] and Hillert [25] for a flat cell front perpendicular to the growth direction, and u(C) a quantitative criterion. Fig. 8. -Cellular precipitation morphology. 3.3.1 Method and experimental precautions. The morphological aspect of the reaction product formed by discontinuous precipitation in Mg-Al alloys is illustrated in the figure 8 .
As [17, 18] , the distance between two consecutive points of analysis was chosen equal to 10 nm. As with Al alloys, Mg alloys are rather sensitive to surface oxidation with the consequence of a significant shift of the plasmon peak energy over the real value. To check the possible presence of an oxide layer, spectra were systematically recorded over an energy width of 1000 eV In these conditions the OK signal is insignificant, which allowed us to conclude that the plasmon energy is not shifted by the presence of an oxide surface layer.
For the profile established perpendicularly to the reaction front, the measurements are made over distances about equal to 40/80 nm on each side of the a/a' interface.
The experimental conditions used for recording the spectra were the following: incident electron beam energy: 100 kV, total acquisition energy width: 20 eV or 50 eV, collection semi-angle /3: 0.6 mrad, acquisition times: 10 or 20 s per scan. Figure 9 illustrates the concentration profiles obtained across the a/a' interfaces. It shows that the solute contents, measured 10 nm away from the reaction front, are equal to the nominal concentration Co of the studied alloy. This allows us to conclude that there is an absence of a significant volume diffusion ahead of the cell boundary, in agreement with the results previously reported by Porter et al. [26] . In order to understand the relation of the asymmetry of the profiles with the non parallelism of the lamellae, a particular configuration of a cellular precipitation, observed in the Mg-10 at%Al alloy and represented in the diagram figure lla, has been studied in detail. In the case of the zone labelled B-I-3, two /3 lameltae converge first and then diverge, elsewhere there is a (3 nodule inside the a lamella. Several concentration profiles have been recorded across this lamella, they are indicated with dashed lines on the diagram. The results corresponding to each of them are presented in the figure 1 lb. It can be observed that the profiles are strongly asymmetric just before the /3 lamellae diverge, and that the discrepancy with the theoretical profiles decreases to become symmetric again, in spite of the divergence.This allows to relate the asymmetry to a change of growth plane of the 03B2 lamellae and suggests that the speed of lamellae migration is not uniform. On the other hand, the features of the profiles recorded in the surroundings of the nodule, explain clearly its formation. They show that it is the result of a very high residual sursaturation in the centre of the lamella, involving the nucleation of the /3 phase. 4 . Conclusions.
On the basis of three studies performed in the field of materials science, we have illustrated the great capacity of the FEG/STEM equipped with an electron energy loss spectrometer and an X-ray detector, to provide analytical data at very high spatial resolution.
The first study performed on the superconducting ceramic YBa2Cu307-8, allowed us to show that the twin planes are oxygen depleted zones and confirm the hypothesis describing the twinning {110} as a "sandwich" of a quadratic phase between two symmetric parts of orthorhombic phase.
In the second case, from measurements of the energies of plasmon losses in the walls and in the cores of the dislocation cells formed in a strained Al alloy, we have determined the influence of solute atoms on the recovery kinetics, and explained the departure from Friedel's logarithmic law observed in the initial stage of the recovery.
In the last one, from numerous accurate concentration profiles determined by electron energy loss spectrometry, we have furthered in the understanding of the cellular precipitation processes, and clearly showed that Cahn's diffusion process could be invoked only when symmetrical experimental profiles are obtained.
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